Objective: This study aimed to investigate the relationship of tirofiban, added to the treatment of acute ST-elevation myocardial infarction (STEMI) patients underwent primary percutaneous coronary intervention (PCI), with changes in the TIMI risk index (TRI) of TIMI flow, B-type natriuretic peptide (BNP) and high-sensitive C-reactive protein (hs-CRP) levels. Methods: This single-center, prospective observational cohort study included 102 consecutive patients who were admitted with the diagnosis of acute STEMI (70 male; 54.9±10.4 years). Primary PCI was applied to all cases with STEMI, who applied to our hospital in the first 6 hours due to chest pain complaints. Tirofiban was administered to one group (n=55) (male: 36; 54.1±11.3 years), while the other group was not given tirofiban (n=47) (male: 34; 55.9±9.1 years). The primary end-point was TIMI flow 2 or 3 for reperfusion after primary PCI. Chi-square test, paired t-test or Wilcoxon signed rank test, Spearman correlation analysis and Kaplan-Meier survival analysis were used for statistical analysis where appropriate. Results: BNP level remained the same in the tirofiban group, whereas a significant increase was observed in the group that was not treated with tirofiban (105.9±126.8 versus 261.3±202.3 pg/ml p<0.001). The hs-CRP level tended to rise significantly in both groups despite the treatment (tirofiban group -from 0.67±0.66 to 0.90±0.44 mg/L, p=0.015, non tirofiban group -from 0.51±0.43 to 1.08±0.74 mg/L, p<0.001). BNP and hs-CRP values remained the same in cases with TIMI 2 flow in the tirofiban group, whereas a significant increase was detected in the post-treatment BNP (before 97.8±122.3 after 281.6±217.3 pg/ml, p=0.011) and hs-CRP (before 0.65±0.69; after 1.33±0.80 mg/L, p=0.028) values in the group not treated with tirofiban. In patients with TIMI 3 flow, BNP (tirofiban group before 146.5±114.2; after 184.4±139.4 pg/ml, p=0.011, non tirofiban group before 172.1±297.9; after 295.9±384.9 pg/ml, p<0.001) and hs-CRP levels (tirofiban group before 0.66±0.58; after 0.92±0.65 mg/L, p=0.011, non tirofiban group before 0.81±0.74; after 1.45±1.23 mg/L, p<0.001) were found to be similarly reduced in both treatment groups p<0.05. Three patients with minor hemorrhage did not need blood transfusion. Conclusion: It was concluded at the end of them PCI application in STEMI that the addition of tirofiban treatment in patients with ≥TIMI 2 flow and anterior location MI could decrease the expected rise in BNP and CRP values. (Anadolu Kardiyol Derg 2012; 12: 107-14) Key words: Acute myocardial infarction, tirofiban, percutaneous coronary intervention, TIMI risk index, B-type natriuretic peptide, high-sensitive C-reactive protein 107 ÖZET Amaç: Bu çalışmada primer perkütan koroner girişim (PPCI) uygulanan akut ST elevasyonlu miyokart enfarktüslü olgularda (STEMI) tedaviye eklenen tirofibanın anjiyografik TIMI akım (The Thrombolysis in Myocardial Infarction), TIMI risk indeksi, serum B-tip natriüretik peptit, (BNP) ve yüksek-duyarlıklı C-reaktif protein (hs-CRP) düzeyleriyle ilişkisi araştırılmıştır. Yöntemler: Bu tek merkezli, prospektif gözlemsel kohort'una akut STEMI tanısıyla kabul edilen ardışık 102 hasta [70 erkek, ort. yaş 54.9±10.4 yıl, (30-82 yaş), mediyan yaş 54 yıl] çalışmaya alındı. İlk 6 saat içinde başvuran tüm STEMI'lılara PPCI uygulandı. Hastaların bir grubuna tirofiban (n=55) (erkek: 36, 54.13±11.39 yıl) diğer gruba ise, standart tedavi (n=47) (erkek: 34, 55.98±9.16 yıl) uygulandı. Tüm hastaların TIMI indeksi ve TIMI akım dereceleri kayıt edildi. Reperfüzyon için TIMI 2 veya 3 akım sağlamak anjiyografik endpoint olarak kabul edildi. İstatistiksel analiz için Ki-kare, eşleş-tirilmiş t, Wilcoxon işaret sıralama ve Spearman korelasyon testleri ve Kaplan-Meier sağkalım analizi kullanıldı.
Introduction
Today, primary percutaneous coronary intervention (PCI) is the most effective method of achieving epicardial TIMI 3 flow (The Thrombolysis in Myocardial Infarction) in patients with ST-elevation myocardial infarction (STEMI) (1) . However, in acute STEMI cases, it does not always indicate an optimal result (2, 3) . Therefore, adjuvant anti-aggregant agents are needed for the maintenance of epicardial and microvascular circulation during primary PCI (4, 5) . Tirofiban, a glycoprotein (GP) IIb/IIIa receptor antagonist, is used recently for this purpose. A number of studies have investigated the relationship between the angiographic TIMI 3 flow and cardiac biomarkers (myocardial damage, inflammation markers and natriuretic peptides) (6) (7) (8) . In acute STEMI, a relationship was found between the serum B-type natriuretic peptide (BNP) level, short and long-term mortality with post primary PCI angiographic success and reperfusion disorder (9, 10) .
However, the addition of tirofiban treatment in the TIMI flow rate obtained in primary PCI was not investigated adequately in relation to the TIMI risk index. TIMI risk index mostly includes clinical and hemodynamic parameters (age, blood pressure and heart rate) and it is an easy formula to calculate.
This study aimed to investigate the relationship of tirofiban on TIMI risk index, BNP and high-sensitive C-reactive protein (hs-CRP) in STEMI patients undergoing primary PCI and to study whether these effects depend on MI localization and angiographic TIMI index.
Methods
Study design and population This single-centre, prospective observational cohort study included 102 consecutive patients (70 male) who were admitted to the emergency department of Adana Numune Education and Research Hospital between April 2008 and March 2009 with the diagnosis of acute STEMI. Mean age of the patients was 54.9±10.4 years (range 30-82) (median 54 years). These patients were divided into two groups, and one group was treated with tirofiban (n=55) (mean age 54.13±11.39, male 36), while the other group was not given tirofiban (n=47) (mean age 55.98±9. 16 , male: 34). Primary PCI (angioplasty and stenting) was performed in the artery associated with infarction and control angiographies were performed in the sixth month. The patients included in the study were evaluated in terms of clinical features, vital functions, coronary risk factors, lipid panels, kidney functions, as well as electrocardiographic and angiographic assessments.
Exclusion criteria: Patients excluded from the study include those who previously had cardiogenic shock, those with left main coronary artery stenosis, those who previously underwent coronary by-pass and stent operation, those with spontaneous recanalized coronary arteries, those who previously had myocardial infarction, those with pericarditis, aortic dissection, chronic inflammation or renal insufficiency (serum creatinine >1.5 mg/dl), and those active infection, hs-CRP level of >10 mg/L, malignity and chest pain for more than 6 hours. Eight patients (4.2%) died and were excluded at the end of the study.
The procedure was executed upon the consent received from the patients as per the protocol followed by the approval of Ethics Committee of our hospital (Protocol number 3; date 28/01/2008).
Study procedures
Acute STEMI diagnosis was confirmed by using ACC/AHA/ ESC measures (11) . Chest pain and/or discomfort lasting for at least 30 minutes, ST segment elevation exceeding 0.1 mm in at least two adjacent derivations and 0.2 mm in precordial derivations in the extremity derivations as determined by standard 12-derivation electrocardiography (ECG), the elevation of creatine kinase-MB (CK-MB) values more than two times the normal value and the presence of two of the criteria were defined as acute MI. In all cases with ST segment-elevation myocardial infarction, who were admitted in the first 6 hours with complaints of chest pain; 12-derivation ECG was taken and nonenteric 300 mg acetyl salicylic acid (ASA) was given during the admission.
Biomarkers analysis
Peripheral blood samples for plasma BNP and hs-CRP determination were obtained at admission by direct venipuncture of an antecubital vein after the patient had been in the Primary PCI procedure Post-treatment TIMI flow rates were detected by the postprocedure myocardium staining degree of the coronary artery. Angiographic data were calculated in the catheter laboratory and individual CD records were taken for each patient. The coronary angiographic procedure was performed by Shimadzu device (AUD 150 G-Digitex, Kyoto, Japan). Predefined grading system was used in determining the TIMI flow (12) (TIMI 0: No flow and perfusion in the occlusion distal; TIMI 1: penetration in the occlusion distal, but no perfusion; TIMI 2: partial perfusion; TIMI 3: full perfusion). Patients were given 600 mg clopidogrel and 10.000 units IV heparin bolus in addition to non-enteric ASA 300 mg administered before PCI. After the placement of femoral artery 6F sheath, stent (Ephesos, Nemed Corporation, IstanbulTurkey) was implanted following the balloon predilatation to the suspicious lesion by means of 6 F guiding catheter. Complications during angiography, reocclusion, distal embolization, lateral protection, coronary dissection were defined according to the criteria of the National Heart, Lung, and Blood Institute (13) .
Tirofiban (Aggrastat, Merck, USA) consecutively administration to patients was started during the PPCI procedure in the catheter laboratory. Tirofiban bolus was given at least 10 minutes before the lesion could be crossed with the guide wire tirofiban was initially administered as 10 µg/kg/min bolus dose per 3 minutes followed by 0.15 µg/kg/min infusion for 24 hours. Achieving TIMI 2 or 3 flow for reperfusion was accepted as the angiographic endpoint. PCI was considered inadequate in patients who achieved TIMI flow below 2 during the PCI. The patients, who received tirofiban after reperfusion, were given heparin, 300 mg ASA and 75 mg clopidogrel as infusion for 500 u/ hour/24 hours. Initial and final TIMI flow rates were evaluated during the clinical and angiographic follow-ups up to the sixth month. Hospital complications, minor and major hemorrhage; mortality and late-stage restenosis rates were assessed. The definition of TIMI hemorrhage complication was taken as a basis for major and minor hemorrhage.
Calculation of the TIMI Risk index
The TIMI risk index of patients were calculated by the formula "Heart rate X (age÷10) 2 ÷SBP". This score is obtained by using the patient's pulse, systolic blood pressure and age, and it is reported to be a highly useful scoring system for risk stratification in STEMI cases, and that every 5 points increase in TIMI risk index for thirty days mortality leads to 43% risk increase (14) .
Statistical analysis
The SPSS 16.0 (SPSS Inc., Chicago, USA) software package was used for statistical analysis of the data. Categorical analyses were expressed as numbers (n) and percentage (%), whereas continuous measurements were given as mean and standard deviation and as median and minimum-maximum where appropriate. The Chi-square test was used to compare categorical variables of treatment groups. For comparison of continuous variables obtained before and after the treatment in the groups, the t-test for dependent samples or Wilcoxon Signed Rank Test was used depending on whether the statistical assumptions were fulfilled or not; and the t-test for independent samples or Mann-Whitney U test for comparisons between groups. The correlation between certain variables of the treatment groups was performed using the Spearman Correlation Analysis. The statistical level of significance for all tests was considered to be 0.05.
Results
Baseline clinical characteristics (Table 1) The distribution of patients in terms of the chest pain duration at the time of their admission with the diagnosis of acute STEMI is as following: 33 (32.4%) for 1 hour and less, 37 (36.3%) for 1-3 hours and 32 (31.4%) for 3-6 hours, respectively, and there was no statistically significant difference between the patients. In patient groups, the distribution of chest pain duration of acute STEMI cases treated with and without tirofiban according to groups is: 1 hour and less (14/18), 1 to 3 hours (25/12), 3 to 6 hours (15/17), respectively; and there was no statistically significant difference between the groups (p>0.05).
No statistically significant difference was observed between the two groups also in terms of the demographic parameters (age, gender) and cardiovascular risk factors (hypertension, diabetes mellitus and smoking) (p>0.05). In the hemodynamic comparison between the groups treated with and without tirofiban, no difference was found between the groups with regard to systolic and diastolic blood pressures, pulse and lipid panel, kidney functions, BNP, hs-CRP and TIMI risk index values (p>0.05).
The relationship of BNP, hs-CRP levels and TIMI risk index with tirofiban use and PCI parameters (Table 2) There was no significant difference in terms of heart rate, systolic and diastolic blood pressure measurements, lipid and kidney functions, Groups treated with and without tirofiban revealed no difference also in terms of the distribution of coronary artery in which primary PCI was applied, procedure period, number of stents, stent length, stent diameter and subacute occlusion, angiographically visible thrombus, distal emboli, heart failure, and side brunch protection. TIMI 2 and TIMI 3 flow rates were similar in both groups (p>0.05).
Relationship between myocardial infarction localization and TIMI risk index, BNP, hs-CRP levels (Table 3) MI localization (anterior and non-anterior) was comparable in both groups (p>0.05) ( Table 2 . Primary PCI findings in tirofiban and non-tirofiban groups change in the tirofiban group, while a significant increase was observed in the group not treated with tirofiban (p<0.001). On the other hand, hs-CRP level tended to rise significantly in both groups despite the treatment (p<0.01). In the non-anterior group, BNP and hs-CRP levels tended to rise in both treatment groups (p<0.05). In other cases, the observed increase was significant on the borderline.
Inter-group relationship of post-treatment TIMI risk index, BNP and hs-CRP according to the angiographic TIMI assessment
According to the cut-off points determined for the angiographic TIMI flow rate, the assessment of all patients revealed no significant relationship between TIMI risk index, BNP and hs-CRP and these measurements before and after the treatment; and the pre-and post-treatment angiographic TIMI flows and TIMI risk index values of the cases were similar in both groups treated with and without tirofiban (p>0.05). In cases with angiographic TIMI 2 flow, pre-and post-treatment BNP and hs-CRP values remained the same in the group receiving tirofiban, whereas post-treatment BNP and hs-CRP values were detected to be significantly higher in the group not treated with tirofiban (p<0.05). In the cases with angiographic TIMI 3 flow, BNP and hs-CRP levels were found to be similarly high in both treatment groups (p<0.05). Table 4 . Relationship between TIMI flow and TIMI risk index, BNP, hs-CRP levels before and after treatment in tirofiban and non-tirofiban groups
Percentage change in pre and post-treatment TIMI risk index, BNP and hs-CRP levels in studied groups Value analysis of inter-group TIMI risk index, BNP and h-CRP in our study is summarized in Table 5 . In this analysis, only percentage increase in post-treatment BNP value was statistically significantly different between groups when compared to pretreatment value. While there was an increase of 32% in median BNP value in the group receiving tirofiban, 80% median increase is observed in the group not receiving tirofiban (p=0.009) ( Table 5) .
Although a significant decrease was detected in the preand post-treatment hematocrit (HCT) values (40.39±5.11; 38.25±3.90%, respectively, p<0.001) in the group treated with tirofiban, major hemorrhage was not observed in neither of the groups and minor hemorrhage rates were comparable (p>0.05). There was no significant difference in HCT values (38.81±5.47; 37.63±5.79%, respectively, p>0.05) in the group not treated with tirofiban. One case developed continuous ventricular tachycardia, and one case developed pulmonary edema. Three patients with minor hemorrhage did not need blood transfusion.
Discussion
This study aimed to predict GP IIb/IIIa need by providing a simple and quick determination of the relationship between TIMI flow and TIMI risk index, BNP and hs-CRP for risk assessment in acute STEMI cases who underwent PPCI procedure. In our study, at the end of the PPCI procedure applied in STEMI cases, BNP and CRP values showed a significant increase compared to pre-treatment values in the group with TIMI 2 flow and treated without tirofiban, and in the group with TIMI 3 flow and treated with and without tirofiban. Accordingly, the addition of tirofiban treatment resulted in a lower increase in BNP and CRP values in patients with TIMI 2 or 3 flow and it was concluded that the expected increase in BNP and CRP values in this patient group could be reduced, even if to a small extent, by tirofiban treatment. PPCI is frequently used in the treatment of acute STEMI; yet, adjuvant pharmacological support is needed for obtaining an optimal result. It is known that GP IIb/IIIa receptor blockers with added primary PCI have a beneficial effect on microvascular perfusion (15) . It is also reported that the positive effect of tirofiban on reperfusion is mainly related to anti-aggregation and has a positive contribution to endothelial dysfunction developing during PCI procedure (16) . However, use of the aspiration system in patients presenting with acute coronary syndrome and visible thrombus provides no substantial benefit (17) and intracoronary administration of tirofiban was not associated with reduction in major adverse cardiac event (MACE) rates compared to intravenous administration in patients with STEMI who underwent primary PCI (18) . In addition to using of high-dose tirofiban were reduced predictors of mortality in STEMI (19, 20) .
It is still a clinical issue to predict the early-stage markers of mortality in acute STEMI. Considering that two third of the deaths in patients with acute myocardial infarction occur despite interventions, it becomes evident that a quick and simple method is required for risk assessment (21) . TIMI risk index is a score obtained by the formulation of the three factors in the TIMI risk index (age, systolic blood pressure, pulse) by multiregression analysis (22) . In recently study thrombolytic therapy failed to decrease BNP, hs-CRP and TIMI risk index values in STEMI patients. The reason of failure is that enough TIMI 3 flow with thrombolytic therapy cannot be provided (23) . But there are no adequate studies on the correlation of the numerical values of hemodynamic parameters in this index with biological markers using tirofiban in STEMI. In our study, TIMI risk index was preferred due to the convenience of obtaining the parameters included in the index and the good correlation established with the early hospital mortality (24) . It was determined in this study that every 5 points increase in TIMI risk index for thirty days of mortality leads to 43% risk increase. This risk interval was classified as 5 different score systems, minimum risk being <12.5 and maximal risk being >30 (25) . Our study revealed no difference between the total TRI averages of the risk stratification in both groups. In addition, when different cut-off values (between 12.5-30) were taken for TIMI risk index, it was observed that the addition of tirofiban at different TIMI flow rates did not change the early-stage TIMI risk index in cases achieving either partial reperfusion (TIMI 2) or total reperfusion (TIMI 3). This result may be associated with the statistical similarity of the systolic blood pressure, pulse and age parameters of the TIMI risk index mathematical formula in both groups. This, in turn, leads to a decrease in the TIMI risk index diagnostic value when these parameters are homogenous in both groups. In our study, no significant relationship was found between TIMI risk index and TIMI flow rates in terms of angiographic restenosis in long-term controls.
In our study, TIMI risk index was similar in both groups in terms of localization in patients with acute STEMI who underwent primary PCI procedure; therefore, TIMI risk index was found to be inadequate in localizing MI. On the other hand, BNP level was significantly lower in anterior localization in the group treated with tirofiban, whereas non-anterior localization showed a rising Table 5 . Percentage change in pre-and post-treatment TIMI risk index, BNP and hs-CRP in studied groups tendency. It was reported in previous studies that plasma BNP level increased rapidly as from the first 24 hours of acute MI (26) and it provided significant and independent prognostic information in the long term with regard to non-fatal MI and mortality risk in patients who underwent primary PCI procedure (27) . In our study, the BNP level, which was initially high in anterior localization, decreased in a short while in the tirofiban group, reflecting a reduction in myocardial ischemic load as a response to the limitation of the infracted area by tirofiban.
Serum hs-CRP also rises in the first days of acute MI as a response to myocardial necrosis (28). Plasma hs-CRP level and acute MI are noted to be the predictor of reperfusion failure in the short and long term (29) . It is also reported that the combination of TIMI risk index and hs-CRP level provides additional information with regard to risk stratification and prognosis in cases with acute coronary syndrome (30) . Several studies point at the predictive value of hs-CRP for risk assessment in cardiovascular cases (31, 32) . In our study, no decrease was detected in the increase value of hs-CRP in both localizations in the acute period in the treatment group. Although a significant hematocrit decrease was observed in the group treated with tirofiban, there was no clinical need for blood transfusion.
Study limitations
The major limitation of the present study is the small sample size. We did not provide mortality data because our primary aim was to determine TIMI risk index, BNP and hs-CRP values. We also did not measure infarct area and use high dose tirofiban with which we can reach to further conclusions.
Conclusion
In our study, it was concluded at the end of the primary PCI application in STEMI that the addition of tirofiban treatment in cases with ≥ angiographic TIMI 2 flow and anterior location could decrease the expected rise in BNP, even if to a small extent. No difference was observed in the TIMI risk index.
Clinical application of the study Notwithstanding the successful mechanical reperfusion achieved at the end of primary PCI procedure, these data indicate that the addition of tirofiban in the treatment of STEMI produces positive results in prognostic markers.
